X-ray selection provides a way of creating well-defined samples of distant clusters free from projection effects and with a well-understood selection function. This paper describes the creation of one such catalogue -the Southern Serendipitous High-redshift Archival ROSAT Cluster (SHARC) survey -which covers an area of 17.7 deg 2 and consists of 32 clusters with redshifts between 0.05 and 0.7 and X-ray luminosities between 7 × 10 42 and 4 × 10 44 erg s −1 : the high-redshift subsample contains 16 clusters with z 0.3 and X-ray luminosities greater than 2 × 10 43 erg s −1 (luminosities are quoted for the 0.5-2.0 keV energy band). The catalogue is in good agreement with those of other ROSAT cluster surveys for those fields in common. The high-redshift sample is consistent with there being no evolution in the cluster X-ray luminosity function at luminosities ∼10 44 erg s −1 : the implications of this work have been described elsewhere.
I N T RO D U C T I O N
Part of the standard model of modern cosmology is that the structures observable in the local universe formed by gravitational instability from small fluctuations in the initial density field. As these fluctuations have now been observed (e.g. Smoot et al. 1992; Bennett et al. 1996) , there has been much interest in using observations of the Universe at different look-back times to place constraints on popular models of structure formation. Cosmologists therefore need objects for which the measurable properties can be simply related to the underlying mass distribution and that are observable from the local Universe out to high redshift.
Clusters of galaxies form one such class, and have a long history of use as cosmological probes. Their importance to modern cosmology is twofold: first, they are the largest objects in the Universe that are close to virial equilibrium, and so their properties are assumed to be shaped primarily by gravity; secondly, they correspond to high peaks in the initial density field, and so their abundance is sensitive to the power spectrum of these fluctuations. Clusters therefore provide a means of comparing theory to observation: for instance, the distribution of mass on large scales (e.g. Bahcall & Soneira 1983; Kaiser 1984; Peacock & West 1992; Romer et al. 1994; Nichol, Briel & Henry 1994; Collins et al. 2000) or the evolution of this mass field (e.g. Kaiser 1986; Edge et al. 1990 ; Henry & Arnaud E-mail: dburke@cfa.harvard.edu 1991; Eke, Cole & Frenk 1996; Reichart et al. 1999) . This second topic is of particular interest since the growth of mass fluctuations on cluster scales is strongly dependent on the total mass content of the Universe, with only a mild sensitivity to either the cosmological constant or the slope of the power spectrum on cluster scales (e.g. Eke et al. 1996) .
One of the primary motivations behind searches for clusters over the past 15 years has been the issue of evolution, namely how does the number density of clusters change with lookback time. Rather than search for clusters as peaks in the projected galaxy distribution at optical wavelengths, most of the recent work has been directed towards detecting the emission from the dominant baryonic component of clusters, the intracluster medium (ICM), which comprises around 15 per cent of the total cluster mass (Evrard 1997; Ettori & Fabian 1999; Mohr, Mathiesen & Evrard 1999; Grego et al. 2001 ). This hot (10 7 -10 8 K), diffuse plasma emits at X-ray wavelengths via thermal bremsstrahlung (Sarazin 1988) , with the result that clusters are amongst the most luminous objects in the X-ray sky, having bolometric luminosities in the range ∼10 43−46 erg s −1 . There are two main reasons for using X-ray data to select cluster samples. First, X-ray selection is free from projection effectsnamely the inclusion of spurious sources due to the projection of unrelated systems along the line of sight (e.g. Frenk et al. 1990; Reblinsky & Bartelmann 1999) -because the emission is centrally concentrated (it scales as the square of the ICM density, Sarazin 1988) , and it indicates the presence of an actual physical object, namely the gas trapped in the potential well of the cluster. Secondly, the measurable X-ray parameters -luminosity (L x ) and temperature (T x ) -are closely related to the mass of the cluster (e.g. Frenk et al. 1990; van Haarlem, Frenk & White 1997 ).
The HEAO-1 A-2 experiment produced the first X-ray-selected cluster sample (Piccinotti et al. 1982) . This consisted of 30 clusters, with z 0.1, detected over an area corresponding to 66 per cent of the sky. Edge et al. (1990) extended this sample with the Ariel V all-sky survey, using observations by EXOSAT and EINSTEIN to reduce confusion effects. The resulting catalogue consists of 46 clusters with fluxes greater than 1.7 × 10 −11 erg cm −2 s −1 in the 2-10 keV passband. The slope of the number-flux relation for luminous clusters, with L > 8 × 10 44 erg s −1 , differs from that of the low-luminosity sample, with too few luminous clusters detected at faint fluxes. This was interpreted as strong negative evolution of bright clusters at z ∼ 0.1. David et al. (1993) also found evidence for low-redshift evolution of the most luminous clusters using essentially the same sample.
The EINSTEIN Extended Medium Sensitivity Survey (EMSS; Gioia et al. 1990 ) also produced evidence for negative evolution in the cluster population. The EMSS consists of sources detected serendipitously in EINSTEIN observations; although the area covered is smaller than the Edge et al. (1990) survey, the flux limit is approximately 100 times fainter, and in a softer passband (0.3-3.5 keV). The latest version of the catalogue (Gioia & Luppino 1994) consists of 104 clusters with redshifts less than 0.9. Since the survey is constructed from serendipitous observations, the flux limit is a function of sky coverage, with the faintest limit being 1.3 × 10 −13 erg cm −2 s −1 over an area of 40 deg 2 . Henry et al. (1992) compare the X-ray luminosity function (XLF) of clusters in different redshift shells and find a significantly steeper slope at z = 0.33 than at z = 0.17, concluding that there are fewer high-luminosity clusters at high redshift than at present.
These observational results can be tested using data from ROSAT, in particular from the Position Sensitive Proportional Counter (PSPC), which is roughly three times more sensitive and has twice the spatial resolution of the EINSTEIN IPC used by the EMSS. Cluster surveys using the ROSAT All-Sky Survey (RASS) data have provided a comprehensive census of the local (z 0.3) cluster population (e.g. Ebeling et al. 1996 Ebeling et al. , 1997 de Grandi et al. 1999a; Böhringer et al. 2000; . The local XLF is constructed from samples containing ∼ 200-450 clusters apiece, is known over two decades in L x , covering a factor of ∼10 5 in space density, is well fitted by a Schechter function de Grandi et al. 1999b) and shows that the evolution seen in the samples of Edge et al. (1990) and David et al. (1993) is due to local inhomogeneities in the density field of clusters at z ≈ 0.1 . There is therefore little, if any, evolution in the space density of clusters out to z ∼ 0.3.
The pointed phase of ROSAT observations produced a large data base of deep pointings, which have been used to study the cluster population out to z ≈ 1. Cluster surveys using this data base cover a much smaller area than the RASS, and so are not sensitive to the most luminous, and hence rare, clusters; however, they are able to detect the much more numerous population of clusters with luminosities ∼10 44 erg s −1 . This paper presents the catalogue of one such survey -the Southern Serendipitous Highredshift Archival ROSAT Cluster (SHARC) survey -which is a deep, small-area survey designed to study the high-redshift cluster population. This survey is complemented by the Bright SHARC catalogue , which has a flux limit ∼3 times higher than the Southern SHARC catalogue while covering 10 times the survey area.
The first look at the z > 0.3 ROSAT-selected cluster population was by the ROSAT International X-ray and Optical Survey (RIXOS). Castander et al. (1995) claimed strong negative evolution at fainter luminosities than are seen in the EMSS, since their number-redshift distribution, N(z), did not match the no-evolution predictions. However, Collins et al. (1997) , using the same technique, showed that the N(z) distribution of the Southern SHARC survey was consistent with no evolution in the XLF and Mason et al. (2000) have now concluded that the evolution seen in the RIXOS sample is an artefact of their source-detection strategy. Nichol et al. (1997) used ROSAT data to reanalyse the EMSS sample, concluding that the evidence for evolution was no longer statistically significant. Both Ellis & Jones (2002) and Lewis et al. (2002) have revisited the EMSS cluster catalogue -using ROSAT and EINSTEIN data, respectivelyand come to similar conclusions to Nichol et al. (1997) .
Independent confirmation of little, or no, evolution -at least for moderate luminosity clusters ( 2 × 10 44 erg s −1 ) out to z ∼ 0.5 -has now been provided by a number of surveys: the ROSAT Distant Cluster Survey (RDCS) used the number count-flux distribution [N(S); Rosati et al. 1995] and later the XLF (Rosati et al. 2000) ; the Southern SHARC used the N(z) ) and the XLF ; the Wide-Angled ROSAT Pointed Survey (WARPS-I) used the N(S) distribution (Jones et al. 1998) ; the Bright SHARC used the XLF Adami et al. 2000) ; and the 160 deg 2 ROSAT Survey (hereafter VMF98) used the N(z) and N(S) distributions (Vikhlinin et al. 1998b) . Evidence for evolution has been found at the bright end of the XLF (Ebeling, Edge & Henry 2000; Moretti et al. 2001; Henry 2002) . This paper presents the Southern SHARC catalogue. Section 2 describes the creation of the X-ray-selected sample from ROSAT PSPC data, and Section 3 describes the optical identification programme and presents the cluster catalogue. The cosmological implications of this survey have been described in Collins et al. (1997) and Burke et al. (1997) . A flat cosmological model with = 0 and H 0 = 50 km −1 s −1 Mpc −1 is assumed for this work. Unless otherwise specified, the term cluster is used throughout this paper to indicate a broad class of objects, covering fossil/isolated ellipticals (Ponman et al. 1994; Romer et al. 2000) and poor groups up to rich clusters.
C O N S T RU C T I N G T H E X -R AY C L U S T E R S A M P L E
Sections 2.1 and 2.2 discuss instrument and source characteristics that impact upon a search for clusters in ROSAT data. These are followed by a discussion of the fields selected for the survey (Section 2.3) and the steps taken to analyse each field (Section 2.4). The properties of the full source catalogue -both point-like and extended -are examined in Section 2.5. The discussion of the creation of the source sample concludes by a description of survey selection function calculations (Section 2.6) and results (Section 2.7).
Instrument details
ROSAT carried two instruments capable of detecting clusters, the High Resolution Imager (HRI) and the PSPC [the strong absorption at ultraviolet (UV) wavelengths by the interstellar medium of the Galaxy means that cluster surveys are not possible with the third instrument on board ROSAT, the Wide-Field Camera]. Although the HRI has approximately five times better spatial resolution than the PSPC, its poorer sensitivity (approximately onethird that of the PSPC) and much higher background rate (approximately 10 times that of the PSPC) make it less attractive for faint cluster surveys. The Southern SHARC survey is therefore restricted to PSPC data.
As its name suggests, the PSPC uses proportional counters to detect incoming photons, and so has moderate spectral and spatial resolution. The energy resolution is E/E = 0.43 (E/0.93) −1/2 across the detector, with E measured in keV. On-axis, the point spread function (PSF) has a full-width half-maximum (FWHM) of 25 arcsec at 1 keV; off-axis, the FWHM is 55 arcsec at 20 arcmin and increases rapidly at larger radii (Boese 2000) . The central ∼20 arcmin radius of the detector is unobstructed, whilst at larger radii the support structure of the PSPC window causes strong vignetting. Therefore, to ensure the greatest sensitivity and a small PSF, the survey is limited to those areas within an 18-arcmin radius of the centre of the detector. The pixel size is chosen to be the standard value of 15 × 15 arcsec 2 .
Search criterion
Although rich clusters are very luminous, they are rare objects; for deep ROSAT observations the X-ray sky is dominated not by clusters, but by active galactic nuclei (AGN) and quasi-stellar objects (QSOs) (e.g. Hasinger et al. 1998; McHardy et al. 1998) . In order to produce a catalogue of cluster candidates that can be identified in a reasonable amount of optical telescope time, extra criteria must be used to efficiently select clusters. It is also important that these criteria produce a well-defined cluster sample, to allow comparison with both theory and other cluster surveys.
Detecting clusters
The X-ray data are used to distinguish between clusters and other sources. One possibility is to use the source spectrum, since noncluster X-ray sources tend to have either power-law spectra (e.g. active galaxies) or thermal spectra at significantly cooler temperatures than clusters (e.g. coronal stellar emission). However, the limited spectral resolution of the PSPC precludes detailed spectral analysis (e.g. Vikhlinin et al. 1995; Almaini et al. 1996; Mittaz et al. 1999) . Although the hardness ratio has been used as a crude spectral indicator , it was found to not significantly reduce the contamination rate in this survey (Section 2.5) and so was not used. As the majority of X-ray sources are compact objects, whereas cluster emission is from a diffuse component, an obvious discriminant is the count distribution; one should select objects that are extended compared with the instrumental PSF. This requires that the PSF is both small enough, and well enough defined, to allow clusters at the redshifts of interest to be detected as extended. Section 2.6 contains detailed simulations to test these concerns, but a simple calculation suggests that the PSPC can detect clusters as extended objects out to beyond z = 0.6. At z = 0.6, a cluster with a core radius of 250 kpc -typical of low-redshift clusters ) -will subtend ∼30 arcsec, which is similar to the on-axis PSF FWHM, and have a flux of ∼5 × 10 −3 count s −1 or ∼50 counts for a 10-ks exposure. Although compact clusters will be missed by this technique, it produces a well-defined cluster sample for which the selection function can be calculated by simulations. The majority of ROSAT high-z cluster searches use some form of extent criterion as their primary selection method.
Energy band
The first choice to make, when analysing ROSAT PSPC data, is which energy band to use since, despite the limited spectral resolution, it is possible to define several independent passbands (e.g. Snowden et al. 1994) . The choice depends upon the source and background spectra; it is a trade-off between maximizing the source counts, whilst minimizing the background signal. The PSPC has three background components (Snowden et al. 1994) : charged particles from the local environment, scattered solar radiation and the diffuse celestial X-ray background. Whilst the particle background spectrum is roughly independent of energy, the majority of the flux from both the celestial background and scattered solar radiation is at energies below 0.5 keV.
The XRT had little effective area above 2.0 keV, and so the energy range for the survey was chosen to be 0.5-2.0 keV, which is similar to that used in the other distant ROSAT cluster surveys. Since the survey is restricted to fields with a high galactic latitude (|b II | > 20
• ), the severe absorption of the soft X-ray flux by the cool neutral gas in the Galaxy is restricted to energies below ∼0.5 keV -it is only when the line-of-sight column density of neutral hydrogen, n H , reaches values of 10 21 cm −2 that the absorption significantly affects spectra at energies close to 1.0 keV (e.g. Brown & Gould 1970).
Detection method
There is currently no consensus as to the best way of detecting extended sources in X-ray data, and a variety of techniques have been employed by the ROSAT surveys: RIXOS uses a sliding-box technique (Mason et al. 2000) ; the RDCS, VMF98, BMW and Bright SHARC surveys use wavelet-based techniques (Rosati et al. 1995; Vikhlinin et al. 1998a; Lazzati et al. 1999; Romer et al. 2000) ; and WARPS use the Voronoi tessellation combined with a percolation (VTP) algorithm (Scharf et al. 1997) . The publication of the cluster samples from the surveys listed above, combined with this survey, should eventually enable the relative merits of the techniques to be assessed. However, as discussed in Section 5, the consistency in results between the majority of the surveys suggests that there are no large-scale differences, although a detailed study is required for specific cases, such as the influence of cooling flows on cluster detectability (e.g. Pesce et al. 1990 ).
The method used to detect candidates for the Southern SHARC catalogue is based upon the sliding-box technique as implemented by the PSS program from the Starlink X-ray reduction package AS-TERIX (Allan & Vallance 1995) . There are three main differences with respect to the early sliding-box search methods (e.g. Gioia et al. 1990; Cruddace et al. 1991) : the background is estimated from the whole field rather than from the edges of the detection aperture; a maximum-likelihood ratio technique assuming Poisson fluctuations (Cash 1979) , rather than Gaussian, is used; and the data are compared with a model profile of the PSF to assess the significance of any possible source. The change in background subtraction reduces the chance of missing extended sources because they artificially increase the background estimate. The use of the Cash statistic is necessitated by the low background count rates measured by the PSPC: for an exposure time of 10 ks, the typical background is only 0.1-0.5 counts per 15 × 15 arcsec 2 pixel. Once a source has been detected it is evaluated for extent. The PSF model is convolved with a Gaussian profile and the resulting template is used by PSS to fit the count distribution and the resulting detection significance (S, calculated using the Cash statistic) is recorded. The process is repeated for a range of Gaussian FWHM between 0 and 8 arcmin. For those FWHM values where the detection significance is greater than the PSF-only case (i.e. FWHM = 0), the change in S is used to calculate the extent significance (S ext ) of the source using the maximum-likelihood ratio test (e.g. Cash 1979; Vikhlinin et al. 1998a ). The extent significance for each source is then taken to be the peak value of its S ext curve. Fig. 1 shows the results for a point source and a cluster (RX J1354.2-0222) detected in the survey: the top and bottom plots show how the detection significance and extent significance, respectively, vary with the profile extent. Figure 2 . Distribution on the sky -using an Aitoff projection in equatorial coordinates -of the fields used in the survey. The solid lines indicate the Galactic latitude limit (|b II | > 20 • ), and the gap between 0 and 3 h was due to observing constraints.
Survey fields
The survey consists of 66 fields chosen from the publically available ROSAT archive in 1997, which satisfy the following criteria: cleaned exposure times greater than, or equal to, 10 ks; a Galactic latitude such that fields are more than 20
• away from the Galactic plane; did not contain extended X-ray or optical emission over a significant fraction of the field; and have a declination less than +20
• and right ascension outside the range 0-3 h. The exposure-time limit ensures that the observations are deep enough to detect moderate luminosity (L x 10 44 erg s −1 ) clusters at redshifts greater than 0.3, whilst the latitude limit ensures that Galactic absorption is not too high, and that the surface density of stars is not so large as to hinder optical cluster identification. The right ascension and declination limits were governed by observing constraints. The fields are listed in Table A1 and plotted on an Aitoff projection of the sky in Fig. 2 . Fig. 3 shows the distribution in exposure time and Galactic hydrogen column density (taken from Marshall & Clark 1984) of these fields; the median values are 15 ks and 3.5 × 10 20 cm −2 , respectively. Of these fields, 61 are also in the Bright SHARC survey, 28 in the survey of VMF98 and seven in the WARPS-I survey, as indicated in Table A1 . Although the same fields are used, the surveys use different search algorithms, reach different flux limits, and use different regions of each field (Section 4).
The catalogue is restricted to those sources for which the centres lie within 18 arcmin of the field centre. Also excluded are regions surrounding the target of the observation. In the vast majority of cases, the target could be identified from the observation name and the masking radius was determined by examining the X-ray and optical data for these sources, using a minimum value of 3 arcmin and a maximum value of 8.4 arcmin; for the majority of sources a radius of 5 arcmin was used. Three fields had two sources that required masking and there were nine fields for which the whole image could be used because the target lay outside the central region. For the two fields in which the target could not be identified, a fiducial radius of 5 arcmin was used, placed at the centre of the field. Observations that targeted clusters were included in the survey as long as the X-ray emission did not extend beyond a radius of 10 arcmin. The masked regions, which are listed in Table A1 , only account for 5 per cent of the total survey area of 17.7 deg 2 .
Data reduction
The data reduction consists of filtering the data to remove unwanted data, estimating the background, and then source detection. These steps are described in more detail below. 
Data filtering
The first step in reducing PSPC data is to select those periods of the observation that contain scientifically useful data. Two filters were applied: first, to ensure that the model used to calculate the background components is valid, the master veto rate -a measure of the particle background -had to be less than 170 (Snowden et al. 1994 ) and secondly that periods during which the aspect solution was poor were rejected, since the distinction between point and resolved sources is of vital importance. The rejected periods were mainly small, around 5 per cent, with a maximum reduction of 20 per cent; those observations for which this cleaned observation time fell below 10 ks were removed from the sample.
Estimating the background
The source detection routine requires knowledge of the background for each pixel of the field, which was estimated from an image of the field in which the sources had been masked out. The method used to create this masked image is to assume that the background can be approximated by a single value -the initial background estimate -and then run PSS on the field. The detected sources are masked from the field, and the resulting image used to calculate the model background for the field. As the background count rates are low, both the median and mode of the fields used in the sample are zero, so the initial background estimate is calculated using a sigma-clipped mean. PSS is then run on the field, detecting sources above a 4σ threshold. The blanking radius to use for each source is defined as the 99.7 per cent radius (3σ ) of the best-fitting Gaussian to the source radial profile. This radius was chosen as a compromise between removing a high percentage of the source counts and ensuring enough of the field is left to calculate the model background. Fig. 4 shows the masked regions for one of the fields in the survey; the masking removed 29 per cent of the field area. Fig. 5 shows how the radial profile of the field is changed by the background masking, and how it compares with the model background. 
Source detection
The source detection has been implemented as a two-stage process: the first stage involves running the detection algorithm on the field to produce a source list (the first-pass source list), in the second stage each source is examined to see whether the count distribution is extended (the second-pass source list). Since the first-pass detection routine uses an aperture optimized for detecting point sources, a 4σ threshold is used, rather than the more-conservative 5σ limit used in the second pass. This reduced limit is a compromise between ensuring extended low surface-brightness sources are not missed and reducing the contamination rate of spurious sources associated with background fluctuations.
For each source in the second-pass list the extent significance is calculated as described in Section 2.2.3. The hardness ratio of each source is calculated by
where 'soft' and 'hard' refer to the source counts in the 0.11-0.5 and 0.5-2.0 keV bands, respectively. Although the detection procedure uses the data out to a radius of 19.2 arcmin, only those sources with centres which lie within 18 arcmin of the detector centre are included in the source list, in order to reduce edge effects. The final catalogue consists of those sources that are detected at 5σ or better in the second-pass list and for which the extent significances are greater than, or equal to, 3σ .
Detected sources
The full catalogue consists of 1521 sources, 96 (6 per cent) of which are flagged as extended by the source-detection algorithm; the identification of the extended sources is discussed in Section 3.1. As fluxes were not calculated for the point sources, it is not possible to compare the log N − log S distribution with those from other deep PSPC surveys. However, the average surface density of all sources in this survey, 86 deg −2 , corresponds to a flux density of ∼1 × 10 −14 erg cm −2 s −1 (e.g. Georgantopoulos et al. 1996) . As this is approximately the flux limit that the survey is expected to reach, it suggests that the detection procedure produces results similar to those of other deep PSPC surveys. Fig. 6 shows the hardness ratio, defined using equation (1), plotted against extent significance for each source. Two reasons why the values are biased high are that the source selection is done in the hard band, and that the extraction region used to measure the flux is based on the hard-band data and the PSPC PSF is larger at softer energies (Boese 2000) . Whilst this a posteriori analysis does show that the clusters are hard, as expected (e.g. Ebeling et al. 1998) , it also shows that the use of the hardness ratio does not significantly improve the efficiency of the selection process for this sample.
Simulations
The selection function of the Southern SHARC survey was calculated using a Monte Carlo method to generate simulated cluster images. The ability to detect a given cluster depends on properties both intrinsic and extrinsic to it. The relevant cluster characteristics are its luminosity, surface brightness profile and redshift, while those for the survey are the exposure time, the background count rate and the off-axis angle. Since the distribution of cluster profiles is not known a priori, a profile similar to that derived from local samples was used, namely a King profile -S 0 (r ) ∝ [1 + (r /r c ) 2 ] 0.5−3β -with β set to (1998b) find little evidence for evolution in the core radius from the nominal value of ∼250 kpc out to z ∼ 0.5, although they studied more luminous clusters than are discussed here.
A 6-keV thermal bremsstrahlung model was used to convert between cluster count rates and fluxes, as well as to calculate the k-correction between observed and rest-frame passbands. Galactic absorption was calculated using a column density corresponding to the median survey value (n H = 3.5 × 10 20 cm −2 , Section 2.3) and the cross-sections from Morrison & McCammon (1983) . The conversion factor between the count rate and the luminosity varies by 5 per cent for plasma temperatures typical of high-redshift clusters with 0.5-2.0 keV luminosities ∼10 44 erg s −1 (Fairley et al. 2000) .
Simulation results
Fig . 7 shows the results of the simulations following the presentation used by Scharf et al. (1997) , where the contours indicate the available For a given cosmological model, it is easier to visualize the selection function using the approach of Burke et al. (1997) , who presented the survey volume in a fixed redshift shell as a function of cluster luminosity, V max (L x ). Defining (z, L x ) as the survey area of a cluster at a redshift z and luminosity L x , then
where d V(z) is the volume per unit area at a redshift z and a single core radius has been assumed. The V max curve is shown in Fig. 8 for the redshift shell z = 0.3-0.7, with r c = 250 kpc, and indicates that the minimum detectable luminosity is approximately 3 × 10 43 erg s −1 , while clusters with luminosities of 3 × 10 44 erg s −1 are observable out to beyond z = 0.7. As the volume of this shell is close to 4 × 10 7 Mpc 3 , the survey is unlikely to detect high-redshift clusters with space densities below 10 −8 Mpc −3 . This corresponds to a maximum detectable luminosity of ∼4 × 10 44 erg s −1 using the XLF of Ebeling et al. (1997) and assuming no positive evolution in the XLF.
If there is evolution of, or correlations between, parameters of the cluster profile (e.g. if the core radius changes with redshift or luminosity), then the selection function will be biased and care must be taken in interpreting calculations that use this data. The clusterevolution model of Bower (1997) predicts a decrease in core radius by no more than 50 per cent out to z 0.5 for a reasonable range of model parameters. The open circles in Fig. 7 and the dashed line in Fig. 8 represent the extreme version of such a model, in which all z > 0.3 clusters have a core radius of 125 kpc. The results are not significantly different, with the maximum increase in survey volume being a factor of 2 for the two clusters with luminosities ∼3 × 10 43 erg s −1 . However, as previously discussed in Section 2.6, the empirical evidence is of little, if any, evolution of the core radius out to z ∼ 0.5 (Vikhlinin et al. 1998b ).
T H E C L U S T E R C ATA L O G U E
The identification of the extended sources in the Southern SHARC catalogue -both from the literature and via optical follow-up work -is discussed in Section 3.1. The calculation of the cluster X-ray fluxes and luminosities is described in Section 3.2 and listed in Table 1 .
Identification of extended X-ray sources
A literature search -using the NASA Extragalactic Database (NED) -was made to find those extended X-ray sources that were already identified. Further identification was made using contour plots of the X-ray emission overlaid on digitized images from the Palomar and UK Schmidt Sky Survey plates. In addition to several nearby galaxies, several sources were found to be identified with stellar-like objects; these were identified as extended either due to contamination by a nearby source, or because the source was so bright that the count statistics were good enough that the differences between the model and real PSF became significant. The remaining sources were identified using a combination of R-band imaging (R ∼ 23 in 1-arcsec seeing) and medium-resolution optical spectroscopy. The use of a red filter for the imaging observations enhances the contrast of clusters over the background population, since the central regions of clusters are dominated by old, red elliptical galaxies (e.g. Bower, Lucey & Ellis 1992; Aragón-Salamanca et al. 1993; Stanford, Eisenhardt & Dickinson 1998) and the field galaxy population becomes bluer at fainter magnitudes (e.g. Smail et al. 1995; Hogg et al. 1997 ). Those sources that showed an overdensity of galaxies, as estimated by eye, close to the X-ray centroid were selected for spectroscopic identification. Spectra were obtained for galaxies and point sources close to the X-ray centroid, using a single slit or a multi-object mask where appropriate. The aim was to obtain a minimum of three concordant redshifts per cluster; the size of the field available for spectroscopy meant that the number of objects observed per source was typically between two and 10.
The fields were all imaged using the EFOSC-I instrument on the ESO 3.6-m telescope. This instrument was also used to obtain spectroscopic identification of targets using both its single-slit and multi-object modes. Additional multi-object spectroscopy was obtained using LDSS-I on the AAT and LDSS-II on the WHT, with one additional identification (RX J1313.6-3251) provided by H. Ebeling using the University of Hawaii 2.2-m telescope. The spectral resolution of the observations was ≈10-20Å, typically covering 3800-7500Å, sufficient to identify cluster galaxies from their absorption-line features out to redshifts of at least 0.7.
The optical data were reduced using standard procedures provided by the STARLINK software packages. After bias subtraction and flatfielding, individual exposures were combined -shifts due to flexure were less than a pixel -and cosmic ray events removed from the data. Spatial profiles of the emission from each slit were used to identify regions of source and sky emission. The same regions were used to calculate the wavelength calibration; use of third-or fourthorder polynomials resulted in residuals of ∼0.3Å. The resulting background-subtracted spectra typically had continuum signal-tonoise ratios of ∼10 per resolution element.
Identification of the spectra was performed manually: the most common features seen in galaxies were -in absorption -the Ca II, H and K doublet, 4000-Å break, the G band and the Balmer series, X-ray fluxes and luminosities of the clusters listed in order of ascending right ascension (the coordinates of the clusters are given in Table B1 ): ROR gives the name of the field the source is detected in; θ lists the off-axis angle of the cluster in arcmin; z is the cluster redshift; r 80 gives the radius (in arcmin) of the aperture used to measure the count rate; Area gives the percentage of the aperture that remained after masking out contaminating sources; n ph is the number of source counts within this aperture; c tot gives the total cluster count rate in count s −1 (this has been corrected for the signal falling outside the aperture); n H values are in units of 10 20 cm −2 and are taken from the compilation of Marshall & Clark (1984) ; f 14 is the total cluster flux in units of 10 −14 erg cm −2 s −1 for the 0.5-2.0 keV passband; and L R and L E give the cluster luminosity in units of 10 44 erg s −1 (R indicates the 0.5-2.0 keV passband, E indicates the 0.3-3.5 keV passband). The error, δL/L, is the Poisson error on the number of source counts added, in quadrature, to a 5 per cent error to account for uncertainties due to the use of a single temperature in the flux conversion. The QF column indicates the quality flag of the cluster as discussed in Section 3.2. The final column, N, indicates those clusters that are also detected in other surveys, as listed in Heavens 1993) showed that redshift errors were typically ±0.005. Table B1 lists the cluster redshifts, calculated as the average redshift of the member galaxies, along with the identifications of the non-cluster sources. Extended sources within 1 Mpc of a cluster were considered to be part of the central cluster rather than a separate entity. There are five such sources in the survey; they are identified in Table B1 by the parentheses surrounding their ID.
A number of the sources are also detected in the Bright SHARC, VMF98, WARPS-I and EMSS surveys, as indicated in Table B1 . They were identified by finding objects that fell within 1 arcmin of the Southern SHARC position: RX J1313.6-3251, which is listed in the Bright SHARC catalogue as 'id pending', has now been spectroscopically identified as being a group/isolated elliptical at a redshift of 0.052 and the redshift for the cluster RX J0505.9-2826 has been taken from VMF98. Fig. 9 compares the redshift measurements for the common clusters: the sources in VMF98 with a photometric redshift are plotted with their 90 per cent error limits. The spectroscopic redshift measurements agree and the photometric estimates from VMF98 are mainly in good agreement with the measured values. Several of the extended sources in Table B1 are identified with clusters in VMF98; they were not included in the Southern SHARC sample since the follow-up work described in this section does not indicate the presence of a cluster, and these objects only have photometric redshift measurements in VMF98. Of these sources, Romer et al. (2000) has previously discussed the case of Figure 9 . Comparison of the redshift measurements of the cluster catalogues, where z ssc is the redshift from the Southern SHARC catalogue and z cat is the redshift from one of the Bright SHARC, WARPS-I, VMF98 or EMSS catalogues. The VMF98 clusters with only photometric redshift measurements are indicated by the crosses (the error bars reflect the 90 per cent limits on z ph ) and the cluster with a spectroscopic redshift is labelled with a solid circle. RX J0947.8 + 0741, which is identified here with a spectroscopically identified quasar at z = 0.63 that may be part of a cluster.
The catalogue contains 32 clusters, with redshifts between 0.05 and 0.67, 16 of which have z 0.3. It is derived from an initial list of 96 extended X-ray sources, eight of which have no identification, and so the completeness rate for the survey is 92 per cent. The high-redshift sample (z 0.3) is the same as used by Burke et al. (1997) and Burke (1997) , and so their conclusions on the XLF are unchanged. At low redshifts (z < 0.3), six clusters -all but one with z < 0.2 -presented in Burke (1997) have been removed because their centres lie outside the survey area used here, and two systems have been added (RX J1313.6-3251 and RX J0505.9-2826).
Cluster X-ray fluxes
The X-ray count rate of each cluster was measured from the appropriate count rate image -created by dividing the image used in the cluster-detection process (Section 2.4) by the exposure map for that observation -within a circular aperture, where the radius, r 80 , was selected so as to enclose 80 per cent of the light of a King profile with β = 2 3 and r c = 250 kpc. The 80 per cent value was chosen as a compromise between including a high fraction of the flux, whilst minimizing the contamination due to unrelated sources within the region; it has the advantage that the correction to the total count rate is insensitive to the parameters of the King profile. This is illustrated in Fig. 10 , which shows the estimated count rate as a percentage of the true value for a range of King profiles: for core radii in the range 100-500 kpc, the estimated flux is insensitive to the β value as long as it is 0.6. Since the aperture sizes are much larger than that of the PSF, the effect of the PSF on r 80 is negligible (less than 2 per cent), and so was ignored.
The count rate images had their backgrounds removed by subtracting the model backgrounds created in Section 2.4.2. The count rate images themselves were also used to estimate the background rate -after being masked of all detected sources -using an annulus either centred on, or at the same off-axis angle as, the cluster. All three methods produced estimates of the source flux which dif- fered by 5 per cent. The resulting background-subtracted images were then masked of all sources other than the cluster, using circular apertures with radii set to the value used in the second-pass analysis of each source (Section 2.4.3). The fraction of the cluster aperture that remained after this masking, and the measured number of source counts, are listed in Table 1 ; for z > 0.3 the median area and fractional Poisson error are 93 and 10 per cent, respectively.
A radial profile of each cluster was created, and then used to replace those pixels that were either masked due to the presence of a contaminating source or fell outside the field of view of the image. The most severe contamination occurs for RX J0318.2-0301, which has an AGN, spectroscopically identified as being at z = 0.233, ∼1 arcmin north of the cluster centre. Inspection of the resulting growth curves showed that most (28 clusters) were not significantly affected by poor background models; these clusters are given a quality flag of 1 in Table 1 . The remaining four clusters were reanalysed using an interactively chosen background region centred on the cluster, with an inner radius at least 10 per cent larger than r 80 and an area comparable to the cluster aperture; of these, all but one showed an improvement in their growth curves, and are labelled with a quality flag of 2. For the remaining cluster -RX J0530.5-5852, labelled with a quality flag of 3 -the count rate was estimated by extrapolation of the point on its growth curve with the highest signal-to-noise ratio value; the measured value accounts for 48 per cent of this extrapolated flux. The count rates listed in Table 1 refer to the values after correcting for the flux outside the measurement aperture and in any regions excluded due to the presence of point sources (the conversion factor is typically 30 per cent). All fluxes and luminosities are calculated using this extrapolated value.
The conversion from count rate to flux and luminosity used the same spectral model as for the simulations (a 6-keV thermal bremsstrahlung model, Section 2.6), with the Galactic column densities for each cluster taken from the compilation of Marshall & Figure 11 . Flux-redshift distribution of the Southern SHARC catalogue. Fluxes ( f 14 ) are given in units of 10 −14 erg cm −2 s −1 for the observed 0.5-2.0 keV passband, and the symbol types indicate the quality flag (the QF column in Table 1 ) assigned to the radial profile for the cluster. Figure 12 . Cluster X-ray luminosities, in the rest-frame 0.5-2.0 keV passband, of the Southern SHARC catalogue, where the symbol types are as in Fig. 11 . Also shown, as the open circles, are the clusters from the Bright SHARC catalogue . Clark (1984) . The luminosities were calculated for both the 0.5-2.0 and 0.3-3.5 keV passbands, and are listed in Table 1 along with a fractional error calculated by adding, in quadrature, the Poisson error on the number of detected counts and a 5 per cent error to account for the use of a single cluster temperature (Section 2.6). The error is generally dominated by the first term, due to the small number of counts detected in most sources. Figs 11 and 12 show the distribution of fluxes and luminosities with redshift of the Southern SHARC catalogue. As expected from the simulations (Section 2.7), at high redshift the catalogue is restricted to moderate-and low-luminosity clusters.
The method used to measure cluster fluxes is designed for highredshift clusters, where the projected core radius, and hence the correction factor, does not change significantly with redshift. A consequence of this is that the fluxes, and hence luminosities, reported for the low-redshift sources -in particular the group-like systemsare likely to be overestimated. For instance, for a group with a core radius of 50 kpc, the use of a 250-kpc core radius causes the flux to be overestimated by 20 per cent. At higher redshifts, Fig. 10 shows that the correction to total fluxes is not strongly dependent upon the parameters of the profile, although the use of a constant core radius can lead to systematic uncertainties of a similar size to the flux error (e.g. Romer et al. 2000) . Fig. 13 shows how the flux measurements of the common clusters from the various cluster samples compare with those of the Southern SHARC catalogue. The error bars indicate the 1σ confidence limits on the flux ratio: they are lower limits for the EMSS and WARPS-I points since only the error on the Southern SHARC flux measurement was used. RX J2108.8-0517, at z = 0.32, is the only cluster detected in more than one comparison catalogue. The differences in flux are large, with the Southern SHARC measurement (1.43 × 10 −13 erg cm −2 s −1 ) being roughly mid-way between that of VMF98 (1.16 × 10 −13 erg cm −2 s −1 ) and WARPS-I (1.89 × 10 −13 erg cm −2 s −1 ). Part of the discrepancy for this cluster may be due to differences in the algorithms used to exclude flux from nearby sources (A. Vikhlinin, private communication) . For the high-redshift (z 0.3) sample, the average value of the ratio f cat / f ssc is 0.9 ± 0.2. A change of 10 per cent does not significantly affect the derived XLF and is typical of the variations seen between the cluster surveys Jones et al. 1998; Romer et al. 2000; Perlman et al. 2002) .
D I S C U S S I O N
The number-flux distribution of the Southern SHARC survey is shown in Fig. 14 as solid circles and the dashed line indicates the no-evolution prediction based on the low-redshift cluster XLF of Ebeling et al. (1997) . Also displayed as open squares and the solid line are the results of Gioia et al. (2001) and Jones et al. (1998) , respectively. The differences between these three surveys are typical of those found when comparing all the high-redshift ROSAT cluster catalogues, as shown by fig. 2 of Gioia et al. (2001) . Burke et al. (1997) used the 1/V a method (Avni & Bahcall 1980 ) to estimate the Southern SHARC XLF for the z = 0.3-0.7 redshift shell. The XLF has been recomputed using the method advocated by Table 1 . The flux ( f 14 ) is in the 0.5-2.0 keV energy band and has units of 10 −14 erg cm −2 s −1 . The solid line indicates the WARPS-I values from Jones et al. (1998) , the open squares those from the NEP survey (Gioia et al. 2001 ) and the dashed line the no-evolution prediction using the XLF of Ebeling et al. (1997) . Error bars, calculated assuming Poisson statistics, are displayed for two points at fluxes close to 5 × 10 −13 and 9 × 10 −14 erg cm −2 s −1 . The XLF values (n) are taken from Burke et al. (1997) for the 1/V a column and calculated using the method of Page & Carrera (2000) for the PC column; the units of n are 10 −7 Mpc −3 (10 44 erg s −1 ) −1 . Poisson errors (1σ ) are from Gehrels (1986). Page & Carrera (2000) , since the 1/V a method can bias the result for luminosity bins in which the survey selection function varies strongly. Table 2 lists the results of the two calculations; although the values change slightly, there is no significant difference in the result.
The implications of this sample in the context of cluster evolution have been presented in Collins et al. (1997) and Burke et al. (1997) ; in agreement with other surveys (e.g. Nichol et al. 1997; Jones et al. 1998; Vikhlinin et al. 1998b; Nichol et al. 1999; Rosati et al. 2000) , the number density of low-luminosity (L x ∼ 10 44 erg s −1 ) clusters is consistent with little, or no, evolution out to z ∼ 0.5. The consistency of results between the surveys suggests that there are no significant differences in the various detection algorithms employed, so any biases -such as those highlighted by Pesce et al. (1990) -are likely to be at a low level.
Recently, Henry (2002) has shown that it is necessary to combine several cluster samples to measure any evolution in the XLF at luminosities around 10 44 erg s −1 . Such an amalgamation requires an understanding of any systematic differences between the samples. As highlighted by Section 3.2 (see also, Nichol et al. 1997; Jones et al. 1998; Romer et al. 2000; Perlman et al. 2002) , the fluxes of the different surveys agree overall to ∼10 per cent, although variations in individual measurements can be significantly larger. While some of the discrepancy in the cluster fluxes is due to the methods used to extrapolate the measured value to account for flux outside the source aperture (e.g. Fig. 10 and Romer et al. 2000) , more sensitive X-ray observations of the clusters are required. Observations of high-redshift clusters from the Southern and Bright SHARC catalogues by XMM-Newton, as part of the XMM-Newton project (Lumb et al. 2003) , provide accurate measurements of the cluster surface-brightness profiles and luminosities (e.g. Arnaud et al. 2002) , and so can be used to address the reasons for the differences in the flux estimates, as well as to indicate whether the extrapolation schemes used by the ROSAT surveys to estimate the total cluster fluxes from the measured values are too simplistic (Jones et al. 1998; Henry 2000; Romer et al. 2000) . When combining samples it is also important to understand why a particular survey fails to detect clusters (e.g. Adami et al. 2000) . The Southern SHARC catalogue was matched with the Bright SHARC, VMF98 and WARPS-I lists, looking for clusters detected in only one catalogue. A radius of 1 arcmin around each cluster was used and the search was restricted to the common areas of each PSPC field: the Southern SHARC uses the whole field out to a radius of 18 arcmin except for those regions listed in Table A1 ; the Bright SHARC excluded regions within 150 arcsec of the field centre; VMF98 was taken to use the area between 2 and 17.5 arcmin; and WARPS-I used the 3-15 arcmin region. The comparison was limited to clusters with redshifts greater than 0.2 since the Southern SHARC catalogue was not designed to accurately categorize low-redshift systems (Section 3.2). There are no Bright SHARC catalogue clusters that are missing from the Southern SHARC sample, and those found only in Table  1 are too faint to be included in the Bright SHARC survey. The VMF98 catalogue contains one cluster candidate ([VMF98] 215, z ph = 0.21) which is not found in the Southern SHARC, while it misses three high-redshift Southern SHARC clusters (RX J0505.3-2849, RX J0530.5-5852 and RX J1205.0-0333): RX J0505.3-2849 was missed because it was split into two sources (A. Vikhlinin, private communication) while the remaining two clusters are too faint to be included in the VMF98 source list. Finally, the WARPS-I catalogue contains one source from the main catalogue (WARP J2320.7+1659, a blend of a z = 1.8 AGN and a z = 0.5 cluster) and one cluster from the non-statistical sample (WARP J2108.6-0507 at z = 0.222 with possible point-source contamination) that are not included in the Southern SHARC sample, while it does not miss any from Table 1 . Thus clusters missing from the Southern SHARC catalogue either have no spectroscopic confirmation or show evidence for flux contamination.
C O N C L U S I O N S
This paper presents the Southern SHARC catalogue, a deep, smallarea survey for X-ray-emitting high-redshift clusters of galaxies in serendipitous ROSAT PSPC observations. The fields were chosen so that moderate luminosity clusters (∼10 44 erg s −1 ) could be detected out to z ∼ 0.5: the 66 fields that met these criteria cover an area of 17.7 deg 2 after masking out the targets of the observation. Since galaxy clusters are a small fraction of the X-ray detections in ROSAT observations, selection was restricted to those sources that were significantly extended. The list of extended sources contains 96 entries; optical follow-up -involving imaging and multi-object spectroscopy -together with a literature search identifies all but eight of these sources. The catalogue is 92 per cent identified and contains 32 clusters, the majority of which have at least three spectroscopic redshifts. The high-redshift sample contains 16 clusters in the redshift range z = 0.3-0.7 and with X-ray luminosities of between 2 × 10 43 and 4 × 10 44 erg s −1 . The results are, in general, in good agreement with those of other surveys for those fields that are in common. The properties of the high-redshift sample are consistent with there being no evolution in the cluster XLF at luminosities ∼10 44 erg s −1 . Fields are identified by their names, which are taken from the header of the events lists, the identification number of the ROSAT observation (ROR) and the equatorial coordinates of the central position of the observation, given in equinox 2000. The column S indicates whether these fields are also in the B Sharc (B), VMF98 (V) or WARPS-I (W) surveys. The exposure times, Texp, refer to the cleaned exposure time (Section 2.4.1) of the observation, and are in units of seconds. The column labelled n H lists the Galactic hydrogen column density of the field centre, taken from the compilation of Marshall & Clark (1984) , and is in units of 10 20 cm −2 . The remaining columns indicate those regions of the field excluded from the survey, as described in Section 2.3: the x, y and r values give the position and radius of the circular region excluded from the survey (they are in arcmin, with north and east as the positive directions).
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